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Preface

Flectronic Principles, seventh edition, continees its tradition as a clearly ex-
plained, in-depth introduction to electronic semiconductor devices and circuits.
This textbook is intended for students who are taking thefr first course in linear
electronics. The prerequisites are a DC/AC Circnits course, algcbra, and some
trigonometry.

Electronic Principles provides essential understanding of sermconductor
device characteristics, testing, and the practical circuits in which they are found.
The text provides clearly explained concepts—written in an easy-to-read conver-
sational style—establishing the foundation needed for understanding the opera-
tion and troubleshooting of electronic systems. Practical circnit examples and
troubleshooting exercises are found thronghowut the chapters.

New to This Editmn

Based on the feedback from extensive reviewing and course research, the seventh
edition of Electronic Principles contains enhanced material on a variety of elec-
tronic devices and circuits, including:

. acldmonal PNP transistor coverage,

= basic Bipolar Junction Trassistor (BJT) voltage-dwzder circuit design
~ © increased ac load line analysis of BJT power amplifiers

+  power E-MOSFET and D-MOSFET biasing

¢ Insulated Gate Bipolar Transistors (IGBTs)

*  R/ZR ladder /A converters

. Function gencrator integrated circuits

¢  Class-D amplifiers

Starting in Chapter 1, “Introduction,” the T-shooter troubleshooting exercise fea-
ture has been simplified for easier student use and understanding, This practical
feature is integrated throughout the remaining chapters. In Chapter 2, “Semicon-
ductors,” one of many “Summary Tables” has been added to provide concept re-
.inforcement and a convenient information resource. Starting in Chapter 3, “Diode
Theory,” data sheets for specific semiconductor devices will be found within the
chapter as they are discussed. Chapters 4 through 6 have additional content re- -
garding the testing of diodes and transistors using DMMs, VOMs, and semicon-
~ ductor curve tracers. ‘While Chapter 10, “Voltage Amplifiers,” retains its coverage



Preface

of the common-emitter (CE) amplifier, Chapter 11, “CC and CB Amplifiers,”
focuses on commen-collector (CC) or emitter follower, common-base (CB), and
Darlington amplifier configuaiions. Chapter 12, “Power Amplifiers,” has been
modified to include class A, B, AB and C power amplifiers, along with additional
ac load line analysis. In Chapter 13, “JFETs,” modifications have been made to
the order of JFET biasing and biasing techniques. In Chapter 14, “MOSFETs,”
depletion-mode and power enhancement-mode MGSFET amplifiers have been
added alosg with MOSFET testing. Chapter 15, “Thyristors,” includes more
detail in RC phase-shift control, SCR testing, and introduces IGBTs. Frequency

. analysis of FET stages has been added to Chapter 16, “Frequency Effects.” In

Chapter 20, “Linear Op-Amp Circuits,” the circuit operation of the R/2R ladder
D/A converter has been included. Chapter 22, “Nonlinear Op-Amp Circuits,” now
inclndes the basic operation of a class-D ampiifier. Also, Chapter 23, “Oscilla-
tors ” has an additional section on funciion generator ICs, including the XR-2206.



xviii

The production of Electronic Principles, seventh edition, is truly a team effort. It
requires the hard work and professional dedication of a large number of people.
Thaok you to everyone at McGraw-Hill Higher Education who contributed to this
edition, especially Tom Casson, Jonathan Plant, Lindsay Roth, Kay Brimever, and
Carol Kromminga, Special thanks should also go out to Pat Hoppe whose in-
sights, careful review, and tremendous work on the MultiSim files has been a Slg-
nificant contribution to this textbook.

Thanks to everyone whose comments and suggestions were extremely
vzluable in the development of this edition, This includes those who took the time
to respond to surveys prior to manuscript development and those who carefully
reviewed the revised imaterial. Every sorvey and review was carefully examined
and has contributed greatly to this edition. Here is a list of the reviewers who
helped make this edition comprehensive and relevant.

Current Edition Revnewers

Ron Barrier :
Rowan Cabarrus Commumty
College, NC

'Axirien Berthiaume

Northern Essex Community College,
Ma :

M. €. Greenfield
Indiana State Unwerstty, N

.CralgHJ]l

Erie Institute of Technology, PA
Patrick Hoppe ‘
Gateway Technical College, WI

Survey Respondents

Ben Bartlett B
College of Southern Idaho, ID
Michele J. Chance .
. Rowan-Cabarrus Cormmunity
Coliege, NC .
Walter O. Craig, Il ’
Southern University, LA

Sheila Doncheo ’
Southern Polytechnic State
University, GA

" James A, Duru

Essex County College, NJ
William Eaton :

Hinds Community Ca!!ege, M3
Udezei F. Edgal

North Carolina A&T State

University, NC '

" Glen Elliott

Cambria County Area Commumiy
College, PA i
Fred Btcheverry
_ Harmell College, CA

" Paul Kiser

National Institute of Technology, WV

. Dan Lockadoo

New River Community College, VA
William Muxray

Broome Community College, NY
Rina Mazzucco

Mesa Community College, AZ
Rajappa Papannareddy

Purdue University, IN
Ken White )

Lakeland Congnunizy College, OH -

Jim Fiore
Mohawk Valley Cammumty
College, NY
Rex Fisher
Brigham Young Umverstry, D
John E. Fitzen
Idaho State University, ID

~ George Fredericks

Northeast State Technical Commumty
College, TN

'G. J. Gerard

Gateway Conumunity Technical
College, CT
Albert Gerth
Coming Community College NY
Melvin G: Gomez
Green River Commuunity
College, WA
James Henderson
Arkansas State University, AR
George Hendricks ~ -
Gaston College, NC



—

Acknowledgetnents

" Larry deﬁnﬂ.n

. Purdue University, IN

. David A. Kruse

" Lane Community College, OR

Danief Landiss

St. Louts Community College, MO
M. David Lunean, Jr,

University of. Arkansas, AR
Richard McKinney

" Nashville State Technical Commumry

College, TN~
Paul Nelson |

College of the Sequotas CA
Robert Peeler

- Lamar State College, TX

Manuscript Reviewers

Abraham Falsafi ‘ ’

Narional Institute of Technelogy, WV
Mohamed Haj-Mchamadi

North CaralmaA&T Umversu‘y, NC
Patrick Hoppe ..

Gateway Technical College, WI
John Lindsey

Kansas Community and Technical

College System, XS

Nasser H. Rashidi
Virginia State Umverszty, VA

"Steven ID. Rice

University of Montana, MT
Robert I. Scoff o

University of Memphis, TN
Ron Tinckham

Santa Fe Community College, FL
Anthony Webb )

Missouri Tech, MO
Harold Wiebe

Northern Kentucky Uruversxry KY

Michael Wilson
Kansas State University, KS

Jim Ramming
" Vatteront College, MO

. Vince Vasco

. Pittsburgh Tecﬁnical Instirute, PA

xix






~ Electronic Principles



‘»~ ® The topiés in this chépter inc!gd.e formulas, voltage sources, current
éourCES. two circuit theoréms, and troubl.eshooting. —Although some of
the discussion will be review, you will find new ideas that can make it
eas:er for you to Uﬂderstand semiconductor devices and to serve as a

framework for the_rest of the textbook.



Objectiw:s

After studymg this chapter yuu :&Quld be
able to:

@  Name the three types of formulas
and explain why each is true.

B " Explain why approximations are
often used instead of exact formulas.

®  Define an ideal voltage source and

Chapter Outline an ideal current source.
® ' o . B Describe how to recognize a stiff
1-1  The Three Kinds of Formulas voltage source and a stiff cu rrent
1-2 . Approximations . _ source.
1-3 - Voltage Sources ‘ ; " m State Thevenin's theorem and apply
1 e S ) . ittoa circuit,
4 urrent ou.rces . ® State Norton's theorem and apply it
1-5  Thevenin's Theorem o . toacircuit.
: 1-6  Norton's Theorem @  List two facts about an open device
17 Troubleshootin ~, &nd two.facts about a shorted
; ng ' © device.

Vocabulary

o .
cold-solder joint - . law : ‘ solder bridge
definition ' © Norton current - theorem
derivation ' - Norton resistance . Thevenin resistance
duality principle . opendevice Thevenin voltage
formula :  second approximation ‘ third approximation

ideal [Frst]approxlmataon shorted device ‘ " troubleshooting



GOOD TO KNOW

- For al! practical purposes, a~

formulalis like a set of instructions’
written in mathematical shorthand. ~ .

A formula describes how to go
about calculating a particular
quantity ot parameter.

i1-1 The Three Kinds of Formulas

A formula is a rule that relates quantities. The rule may be an equation, an in-

-equality, or other mathematical description. You will see many formulas in this

book. Unless you know why each one is true, you may become confused as they
accumulate. Fortunately, there are only three ways formutas can come into exis-

tence. Knowing what they are will make your study of electronics more logical

and satisfying.

The Deﬁnition

When you study electricity and electronics, you have to memorize new words hke
current, voltage, and resistance. However, a verbal explanation of these words is
not enough. Why? Because your idea of current must be mathematically identical
10 everyone else’s, The only way to get this ldentzty iswitha deﬁmtmn, a formula
invented for a new concept. - :

: Here is an example of a deﬁmuon In your earlier course work, you
Tearned that capacitance equals the charge on one plate divided by the voltage
between plates. The formula looks like this: '

-2
=Y |

This formula is 4 definition. Tt tefls you what capacitance C is and how to cafcu-

late it. Historically, some researcher made up this definition and it became widely

accepted,

Here is an exarnple of how to create a new definition out of thin air. Sup-

- pose we are doing research on reading skills and need some way to measure read-

ing speed. Out of the blue, we might decide to define reading speed as the nimber
of words read in a minute. If the number of words is W and the number of minutes
is M, we could make up a formula like this:

Lid

M
In tins equation, § is the speed measured in words per minute.
To be fancy, we could use Greek letters: e for words, u for minutes, and
o for speed. Qur definition would then look like this:

w : 4
o= B (N !
~ R
This equanon still translates to speed equals word*a divided by minutes. When you
see an equation like this and know that it is a definition, itis no longer as impres-
sive and mysterious as it initially appears to be. ‘
In summary, definitions are formulas that a re searcher creates. They are

_based on scientific observation and form the basis for the study of electronics.

They are simply accepted as facts. It’s done all the time in science. A definition is
true in the same sense that a word is true. Each represents something we want 0
talk about. When you know which formulas are definitions, electronics is easier ©
understand. Because definitions are starting points, all you need to do is to under-
sr.ancl and memorize them.

The Law

A law is differerit. It summarizes a relationship that already exists in nature. Here
is an example of a law.

feile ]

f“‘ dz

Chapter 1
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where f = force

K = aconstant of propomonahty, 910"y
Q\ = first charge
{; = second charge

d = distance between charges

Thts is Coulomb’s law. It says that the force of attraction or repulsion between two
charges is directly proportional to the charges and mversely proportional to the
square-of the distance between them.

' This is an impbrtant equation, for it is the foundation of electricity, Bint
where does it come from? And why is it true? To begin with, all the variables in
this law existed before its discovery: By experiment, Coulomb was able to prove
that the force was directly proportional to each charge and inversely proportional
to the square of the distance between the charges. Coulomb’s law is an example of
a relationship that exists in nature, Although earlier researchers cnuld measure
> @1, @2, and d, Coulomb discovered the law relating the quantmeq and wroie a
formula for it, _

Before discovering a law, someone may have a hunch that such 2 rela:
tionship exists, After a number of experiments, the researcher writes a formala
that summarizes (he discovery. When enough people confirm the 'discovery
through experiments, the formula becomes a law. A law is true because you can
verify it with an experiment.

The Derivatioh |

Given an equation like this:

\
v '

y=73x
we can add 5 to both sides to get:
¥y+5=3xr+35

The new equation is true bécanse both sides are still equal. There are many other
operations like subtraction, multiplication, division, factoring, and substitution
that preserve the equality of both sides of the equation. For thls reason, we can
derive many new formulas using mathematics.

A derivation is a formula that we can get from other formulas. This
means that we start with one or more formulas and, using mathematics, arrive at
a new formula mot in our criginal set of formulas. A derivation is true because
mathematics preserves the equality of both sides of every equation between the
starting formula and the derived formula. .

For instance, Ohm was experimenting with conductors. He discovered
that the ratio of voltage to carrent was a constant. He named this constant resis-
fance and wrote the following formula for it:

This is a derivation. It is the original form of Ohm’s law converted to another
equation. -



Here is another example. The definition for capacitance is:

“We can muitiply both sides by Vto get the foI_}owing pew equation:

g=cv

"This is a derivation. It says that the charge on a capacitor equals its capacitance

_ times the voltage across it. .

What to Remember

Why is a formula true? There are three possible answers. To build your under-
standing of electronics on solid ground, classify each new formula in one of these
three categories.

Definition: A forrmula invented for a new concept
Law: A formula for a relationship in nature
Derivation: A formula produ_c‘;e;}\ with mathematics

1-2 Approximations

‘We use approximations all the time in everyday life. If someone asks you how old
you are, you might answer 21 (ideal). Or you might say 21 going on 22 (secand
approximation). Or, maybe, 21 years and 9 months (third approximation). Or, if
you want to be more accurate, 21 years, 9 months, 2 days, 6 hours,/23 minutes,
and 42 seconds (exact}. . ) ' '

The foregoing illustrates different levels of approximation: an ideal ap-
proximation, a second approximation, a third approximation, and an exact answer,
The approximation to use will depend on the situation. The same is true in elec-
tronics work. In circuit analysis, we need to choose an approximation that fits the
situation. ' :

The Ideal Apprbﬁﬁatﬁon -

Did you know that 1 ft of AWG 22 wite that is' 1 in from a chassis has a resistance
of 0.016°0), an inductance of .24 xH, and a capacitance of 3.3 pF? If we had to
include the effects of resistance, inductance, and capacitance in every calculation
for current, we would spend too much tinie on calculations. This is why every-
body ignores the resistance, inductance, and capacitance of connecting wires in
most situations. : : '

‘ {;The ideal approximatiﬁn, sometimes called the first approximation, is
the simplest equivalent circuit for a device. For instance, the ideal approximation
of a piece of wire is a conductor of zero resistance, This ideal approximation is
adequate for everyday clectronics work.

The exception occurs at higher frequencies, where you have to con-
sider the inductance and capacitance of the wire. Suppose 1 in of wir¢ has an
inductance of 0.24 pH and a capacitance of 3.3 pF. At 10 MEz, the inductive re-
actance is 15.1 £, and the capaéilive reactance is 4.82 k(). As you sce, 2 circuit
designer can no longer idealize a piece of wire. Depending on the rest of the
circuit, the inductance and capacitive reactances of a connecting wire may be
important. ‘ : ‘

Chapier 1



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































